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Selective Reaching: Evidence for Multiple Frames of Reference
Ron F. Keulen and Jos J. Adam
Maastricht University
Martin H. Fischer
University of Dundee
Harm Kuipers and Jelle Jolles
Maastricht University
Students participated in 3 experiments investigating the use of environment- and action-centered
reference frames in selective reaching. They pointed to a green target appearing either with or without
a red distractor. Target–distractor distance was manipulated, and distractor interference (difference
between distractor trials and no-distractor trials) was measured in reaction time, movement time, and
movement endpoint. Target–distractor distance determined the dominant frame of reference. Small
distances evoked an environment-centered framework that encoded targets within an external context.
Large distances evoked an action-centered framework that encoded targets relative to the start position
of the hand. Results support the hypothesis that the brain represents spatial information in multiple frames
of reference, with the dominant frame of reference being dependent on the task demands.
A well-known example used to highlight the concept of selec-
tive attention is picking a ripe apple from a branch when an unripe
apple is nearby on the same branch (e.g., Meegan & Tipper, 1999).
This example shows that selective attention mediates goal-directed
action through selection of appropriate actions and inhibition of
inappropriate actions (i.e., picking the unripe apple). These selec-
tion processes take time, resulting in a longer time to respond to
the target when a distractor is present than when it is not. The
interfering effect of a distractor on response time, labeled distrac-
tor interference, was demonstrated by Tipper, Lortie, and Baylis
(1992) in a selective reaching task.
Tipper et al. (1992) asked participants to reach for and depress
one of nine target buttons arranged in a 3  3 matrix. Two small
lights, one red (the target) and one yellow (the distractor), were
positioned directly below each button. On 20% of the trials the red
light (the target) appeared alone, whereas on the remaining trials
the yellow light (the distractor) appeared concurrently with the red
light but at a different location. Starting from different home
positions, participants had to touch as quickly as possible the
button indicated by the red light while ignoring the button asso-
ciated with the yellow light. Using response time (time from
stimulus onset to contact of the target button) as the dependent
variable, Tipper et al. (1992) found that the presence of a distractor
light in the display slowed reaching performance.1 Moreover,
results showed two asymmetries in the spatial nature of the inter-
ference effect. In one, distractors located between the start position
of the hand and the position of the target caused greater interfer-
ence than did distractors located beyond the target. Tipper et al.
called this the proximity-to-hand effect. In the other, distractors
located in the hemispace ipsilateral to the responding hand caused
more interference than did contralateral distractors. Tipper et al.
called this the ipsilateral effect. The two effects indicate that the
spatial relationship of the target and distractor with the start
position of the responding hand is an important determinant of
distractor interference.
Following the discovery of distractor interference in selective
reaching, Meegan and Tipper (1999) proposed the visuomotor
processing hypothesis. This hypothesis attributes interference in
the selective reaching task to visuomotor competition from dis-
tractors. Distractor interference reflects the need to suppress or
inhibit responses toward the distractor. The hypothesis assumes
that both target and distractor automatically trigger the planning of
movements toward their respective locations. It suggests that the
more quickly a reaching movement can be made to a location, the
greater the interference from a distractor at that location. This is so
because the efficiency of visuomotor processing (planning and
execution of movement) depends on the location of the stimulus.
The visuomotor processing hypothesis can explain both the
proximity-to-hand and ipsilateral effects by assuming that near or
ipsilateral locations are associated with shorter reaction or move-
1 Distractor interference effects in selective action are sometimes (e.g.,
Fischer & Adam, 2001; Meegan & Tipper, 1998; Pratt & Abrams, 1994),
but not always (e.g., Castiello, 1996; Jackson, Jackson, & Rosicky, 1995),
replicated. For a discussion of methodological factors possibly contributing
to these conflicting results, see Tipper, Howard, and Jackson (1997).
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ment times (MTs) than far or contralateral locations, respectively
(see also Meegan & Tipper, 1998).
Spatial Reference Systems
Encoding a target location implies the existence of a frame of
reference in which space coordinates are defined. At least three
frames of reference have been proposed for visually guided reach-
ing (e.g., Andersen, Essick, & Siegel, 1985; Tipper et al., 1992):
(a) a viewer-based (or egocentric) frame of reference according to
which locations of objects are coded relative to the viewer, (b) an
environment-based (or allocentric) frame of reference according to
which locations of objects are coded with respect to other objects
in the display, and (c) an action-based frame of reference accord-
ing to which objects are coded relative to the start position of the
responding effector. The visuomotor processing hypothesis as-
sumes an action-centered frame of reference (Tipper et al., 1992).
That is, selective attention controls goal-directed aiming move-
ments and operates in a spatial domain defined by the relation of
the target and distractor positions to the start position of the
responding hand. Hence, a given distractor could be more or less
distracting, depending on its relation to the hand and target.
The environment-centered framework may play a role in selec-
tive reaching as well. Aiming of movements toward targets can
also be influenced by the spatial relationships of the target with
environmental cues. This point is illustrated by evidence showing
that the Ebbinghaus (or Titchener circles) illusion—a target circle
surrounded by smaller circles appears to be larger than a target
circle surrounded by larger circles—may affect grasping move-
ments (e.g., Franz, Gegenfurtner, Bu¨lthoff, & Fahle, 2000; but see
Haffenden & Goodale, 2000). Furthermore, Fischer and Adam
(2001) reported a spatial repulsion effect indicating that the end-
points of movements were biased away from the location of the
distractor, not away from the start position of the responding hand.
Thus, the brain may code visual information in multiple frames of
reference, with the frame of reference that dominates performance
being dependent on the task demands and the nature of the stimuli
used (e.g., Allport, 1989; Baylis & Driver, 1993; Gangitano,
Daprati, & Gentilucci, 1998; Graziano & Gross, 1998; Tipper,
Weaver, & Houghton, 1994). For instance, the environment-
centered frame of reference, which describes the relationships
between or among objects in the environment, might be dominat-
ing performance in situations in which target and distractor are
close together. In terms of the apple-picking analogy, the issue is
whether an unripe apple directly adjacent to a ripe apple causes the
same kind of interference as an unripe apple further away. We
believe that the answer to this question depends on both bottom-up
factors (e.g., target–distractor distance) and top-down factors (e.g.,
eye fixation strategies). The purpose of the present experiments
was to investigate the role of such factors.
So far, most studies have involved rather large distances be-
tween target and distractor locations: Tipper and colleagues (Mee-
gan & Tipper, 1998, 1999; Tipper et al., 1992) used a target–
distractor separation of 13.5 cm, whereas Pratt and Abrams (1994)
used a target–distractor separation of 4 cm. These studies revealed
substantial proximity-to-hand effects; that is, distractors between
hand and target (i.e., near distractors) interfered more than distrac-
tors located behind the target (i.e., far distractors). In other words,
these studies showed asymmetric interference effects (i.e., unequal
amounts of interference for near and far distractors), a key char-
acteristic of action-centered attention. The present study examined
the possibility that asymmetric interference effects are limited to
conditions that involve relatively large spatial separations between
target and distractor, and that very small target–distractor separa-
tions might exhibit a symmetric pattern of interference (i.e., similar
amounts of interference for near and far distractors). This outcome
would be consistent with the use of an environment-centered frame
of reference.
In Experiment 1, we used a small target–distractor separation of
5 mm. Our goal was to induce an environment-centered frame of
reference. In Experiment 2, we adopted a larger target–distractor
separation of 20 mm. Our goal here was to show a proximity-to-
hand effect and thus the operation of an action-centered frame of
reference. In Experiment 3, we used a single target location and
systematically manipulated target–distractor separation. Our goal
in this experiment was to test the visuomotor processing hypoth-
esis. Overall, our results provide evidence for environmental en-
coding of target–distractor relationships when target and distractor
are close together and dominance of action-centered coding when
larger target–distractor separations are used.
Experiment 1: Small Target–Distractor Separation
In Experiment 1, we examined the pattern of distractor interfer-
ence in a selective reaching task involving a much smaller target–
distractor separation than that typically used by Tipper and col-
leagues (Meegan & Tipper, 1998, 1999; Simone & Baylis, 1997;
Tipper et al., 1992). In addition, the effect of eye position on
distractor interference was assessed. We distinguished two eye
positions at the moment of stimulus presentation: (a) the eyes-at-
start condition, in which the eyes and hand departed from the same
start location, and (b) the eyes-at-center condition, in which the
eyes and hand departed from different locations, the eyes starting
from the center of the display.
We hypothesized that distractor interference would emerge in
distinct frames of reference depending on target–distractor sepa-
ration and eye fixation. We conjectured that a small separation
between target and distractor would evoke an environment-
centered rather than an action-centered frame of reference. Hence,
we expected a symmetric pattern of interference as well as an
effect of eye position. This latter prediction was based on the fact
that target and distractor are closer to the fovea when the center of
the display is the fixation point than when the start position is the
fixation point. Consequently, initial discrimination of target and
distractor should be easier in the eyes-at-center condition than in
the eyes-at-start condition. This should be especially true when the
task requires color discrimination for the distinction between target
and distractor (as was the case in the present task), because color
is processed in foveal vision. Hence, according to the environment-
centered view, a smaller interference effect should materialize in
the eyes-at-center than in the eyes-at-start condition. This predic-
tion is in accordance with recent work by Gentilucci, Daprati,
Gangitano, and Toni (1997), who showed that fixating a target
object reduces the influence of surrounding cues. In contrast, the
action-centered view, with its emphasis on the start position of the
hand, predicts no effect of eye position on distractor interference.
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Method
Participants
Sixteen students from Maastricht University (7 women and 9 men), with
a mean age of 22.1 years (range: 18–26), participated. In this and all further
experiments, participants were paid the equivalent of about $5, were
right-handed, had normal or corrected-to-normal visual acuity, and were
naive as to the purposes of the experiment.
Apparatus and Stimuli
Participants were tested individually in a quiet, dimly illuminated room.
They were seated on a height-adjustable chair in front of a 43.2-cm (17-in.)
video monitor equipped with a touch screen. The monitor was placed in a
normal, upright position, and participants made responses with the tip of
the right index finger directly on the screen. Participants were positioned
such that the body midline was in line with the start box on the left side of
the display and the shoulder line (i.e., an imaginary line connecting both
shoulders) was parallel to the monitor’s screen.
The stimulus display used in the experiment is schematically depicted in
Figure 1. The start location and target boxes were presented as squares in
white outline on a black background. The target stimulus was presented as
a green square completely filling one of the target boxes. The distractor
stimulus was presented as a red square completely filling one of the boxes
directly adjacent to the target box. From the participant’s perspective, the
distractor stimulus could appear either to the left or to the right of the target
stimulus. However, we use the terms near distractor and far distractor
(referring to distractors appearing to the left and to the right of the target,
respectively) to describe the location of the distractor in relation to the start
position of the hand. All boxes were 10 mm wide and high. Note, however,
that in regard to defining an aiming error, the effective target width was set
at 12 mm; this was done to limit the number of errors (i.e., target misses).
The five target boxes were arranged in a horizontal array spanning 7 cm,
with a distance of 5 mm between the individual target boxes (side to side).
The starting box was located 14 cm to the left of this array (side to side).
The touch screen was interfaced with an MS-DOS pentium computer that
controlled stimulus presentation and recorded response times as well as
response accuracy. Temporal resolution was 5 ms, and spatial resolution
was 0.1 mm.
Design
Participants performed in one single session lasting about 40 min. There
were 195 test trials, preceded by 25 practice trials, in each of the two eye
position conditions. Order of these conditions was counterbalanced. Within
a block of 195 test trials, there were 75 trials without distractors (i.e., 15 for
each target) and 120 trials with distractors. For the distractor trials, the
three middle targets (i.e., Targets 2, 3, and 4) each included 15 near and 15
far distractors, whereas the first (leftmost) target had 15 far distractors and
the last (rightmost) target had 15 near distractors. The order of distractor
and no-distractor trials within a block of 195 test trials was random.
Procedure
At the beginning of each trial, the start box turned green, indicating that
the participant could move his or her fingertip to the green start box. In the
eyes-at-start condition, contact with the start box caused the green light in
the box to disappear and the target stimulus (with or without distractor) to
appear and remain on until the response was completed. Participants were
informed that, on each trial, a green light would appear in one of the five
target boxes and that, on some trials, a red light would appear in a different
box. They were instructed to touch the green target box as quickly and
Figure 1. Schematic overview of the visual displays in the three experiments, drawn to scale. The numbers
were not actually present.
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accurately as possible while ignoring the red distractor box. If they missed
the target, they were encouraged to try to do better in subsequent trials. One
second after completion of the aiming response, the start box turned green
again, signaling the start of the next trial, which the participants could
initiate at will. The computer presented a visual feedback signal if the
participant failed to hit the target box or if the start box was released too
soon (i.e., within 150 ms after target presentation). These error messages
were, respectively, You missed the target! and Start box released too soon!
Also, the computer generated a visual error signal if the participant failed
to contact the start box accurately (Depress the start box accurately!). In
that case, the trial was repeated.
In the eyes-at-center condition, participants were asked to first contact
the start box and then to move their eyes to the center target (Target 3).
This shift in gaze position was prompted and facilitated by blinking of the
center target three times during a period of 1,000 ms. Then, after an
additional delay of 1,000 ms, the target stimulus (with or without distrac-
tor) was presented. We calculated two measures of response time: (a)
reaction time (RT), measured from the time when the target stimulus
appeared to the time when the start box was released, and (b) MT,
measured from the time when the start box was released to when the target
box was pressed.
Analysis
RTs below 150 ms were considered anticipations and were excluded
from data analyses; this criterion resulted in the removal of 4.8% of trials
(5.3% in the eyes-at-start condition and 4.2% in the eyes-at-center condi-
tion). RT, MT, and error percentages were calculated for each participant
as a function of eye position, distractor presence, and target location. We
performed two different kinds of analyses of variance (ANOVAs). The
first, analysis of all targets, included all data and was performed on mean
RT, MT, and error percentages; eye position (eyes at start vs. eyes at
center), distractor presence (with vs. without distractor), and target location
(1, 2, 3, 4, or 5) were within-subject variables.
The second analysis, near versus far distractors, compared trials with
near and far distractors and involved only the data from the three middle
targets (i.e., Targets 2, 3, and 4), because only these targets had both near
and far distractors. This analysis was performed on mean RT, MT, and
error percentages, and eye position (eyes at start vs. eyes at center) and
distractor location (near vs. far distractor) were within-subject variables.
We also examined the effect of distractor location (i.e., near vs. far
distractor) on the spatial endpoints of the movements. In particular, we
assessed biases in the horizontal and vertical dimensions relative to the
exact center of the target box in terms of constant error (CE).
Whenever needed, we adjusted tests for heterogeneity of variance and
covariances using Huynh–Feldt corrected significance values. We carried
out post hoc analyses using Tukey’s honestly significant difference proce-
dure; an alpha level of .05 was used to determine statistical significance.
Results
Analysis of All Targets
RT. There was a main effect of eye position, F(1, 15) 19.80,
p  .001, indicating substantially shorter mean RTs in the eyes-
at-start condition than in the eyes-at-center condition (254 vs. 320
ms, respectively). Also, there was a significant Eye Position 
Distractor Presence interaction, F(1, 15)  4.88, p  .05, indicat-
ing a small, nonsignificant ( p  .32) amount of distractor inter-
ference (3 ms) in the eyes-at-start condition and a small, near-
significant ( p  .08) amount of distractor facilitation (5 ms) in the
eyes-at-center condition.
MT. Movements tended to be faster in the eyes-at-center con-
dition than in the eyes-at-start condition (428 ms vs. 452 ms);
however, this effect was not significant, F(1, 15)  2.33, p  .14.
The significant main effect of target position, F(4, 60)  26.77,
p  .001, indicated longer MTs for longer distances, except in the
case of Target 5, which showed a shorter MT than Target 4 (Ms 
421, 434, 445, 454, and 445 ms for Targets 1, 2, 3, 4, and 5,
respectively). This effect of a shorter MT to Target 5 was evident
only in the eyes-at-center condition, as indicated by a significant
interaction between eye position and target location, F(4, 60) 
6.11, p  .001 (see Figure 2).
The main effect of distractor presence, F(1, 15)  28.36, p 
.001, indicated a mean interference effect of 10 ms (Ms  445 vs.
435 ms for the conditions with and without distractors, respec-
tively). However, this interference effect was qualified by an
interaction with eye position, F(1, 15) 10.50, p .01, indicating
less interference in the eyes-at-center condition (M  5 ms, p 
.05) than in the eyes-at-start condition (M  15 ms, p  .001).
Errors. The overall error rate was 8.0%. There was a main
effect of eye position, F(1, 15)  6.76, p  .05, indicating fewer
errors in the eyes-at-start condition than in the eyes-at-center
condition (6.3% vs. 9.8%, respectively). This outcome was oppo-
site to the MT data, which showed fastest responses in the eyes-
at-center condition, suggesting the possibility of a speed–accuracy
trade-off. There was also a main effect of target location, F(4,
60)  4.42, p  .01, indicating a larger error rate for Target 5
(11.2%) than for the first four targets, which did not differ signif-
icantly from each other (Ms  7.0%, 7.8%, 6.7%, and 7.4%,
respectively). This outcome was consistent as well with a speed–
accuracy trade-off interpretation of the surprisingly fast responses
toward Target 5.
Near Versus Far Distractors
RT, MT, and errors. All F values involving distractor location
were nonsignificant (all ps  .1), indicating that near and far
distractors had no differential effects on RT, MT, and error rate.
Movement endpoints. In the horizontal dimension, near dis-
tractors caused a spatial diversion to the right (CE 0.19 mm), far
distractors caused a strong deviation to the left (CE0.67 mm),
and trials without distractors caused a modest deviation to the left
(CE  0.45 mm), F(2, 30)  33.44, p  .001. Note that CE was
measured relative to the center of the target boxes. Thus, this
pattern of results indicated that, relative to the neutral no-distractor
condition, near distractors caused a spatial bias to the right (0.64
mm) and far distractors caused a spatial bias to the left (0.22
mm). Moreover, the significant main effect of eye position, F(1,
15)  7.47, p  .05, indicated a stronger overall deviation to the
left (i.e., a larger undershoot) in the eyes-at-start condition than in
the eyes-at-center condition (i.e., 0.50 vs. 0.13 mm, respec-
tively). In the vertical dimension, there were no differential biases,
all conditions showing an upward bias (mean CE  0.96 mm).
Discussion
Experiment 1 yielded three important outcomes. First, opposite
to previous reports, near and far distractors produced similar
amounts of interference in the temporal domain. This pattern of
symmetric interference effects argues against an action-centered
frame of reference and supports an environment-centered frame of
reference in which the relation between objects is important.
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Second, the spatial dispersion of the movement’s endpoints indi-
cated that the presence of distractors caused a spatial bias away
from the distractor location (and not away from the start position
of the hand); this too supports an environment-centered frame of
reference. Third, the amount of distractor interference in move-
ment time depended on eye position, such that the eyes-at-center
condition produced less interference than the eyes-at-start condi-
tion. Our finding of a modulating effect of eye position is com-
patible with an environment-centered frame of reference, because
perceptual discrimination between target and distractor is best
achieved with the fovea centered on the display. It is not neces-
sarily the case that point of fixation can interact only with allo-
centric and not with hand-centered frames. That is, whereas the
current work shows that target-directed reaching is affected by
point of fixation, Tipper, Howard, and Paul (2001) showed that the
path of a saccade is affected by whether a reach to the target is also
produced. They interpreted this effect as reflecting cross talk
between hand-centered and eye-centered frames (see also Bekker-
ing, Adam, van der Aarssen, Kingma, & Whiting, 1995).
In summary, the findings of Experiment 1 suggest that spatial
separation between target and distractor may be an important
mediating variable of distractor interference. As Tipper and col-
leagues (Meegan & Tipper, 1998, 1999; Tipper et al., 1992) have
shown, large separations evoke an action-centered framework
(characterized by asymmetric interference). In contrast, the results
of Experiment 1 indicate that small separations may evoke an
environment-centered framework (characterized by symmetric in-
terference). We tested this claim further in the next experiment by
increasing the separation between target and distractor to 20 mm in
an attempt to demonstrate action-centered attention.
Experiment 2: Large Target–Distractor Separation
In Experiment 2, we used a larger spatial separation between
target and distractor than in Experiment 1 (i.e., 20 mm instead of
5 mm). According to the present hypothesis, this manipulation
should induce the use of an action-centered reference system
instead of an environment-centered one. This in turn should lead to
an asymmetric interference effect (the proximity-to-hand effect)
that is independent of eye position.
Method
Participants
Sixteen new students (6 women and 10 men) from the same subject pool
as in Experiment 1 participated. Mean age was 22.2 years (range: 19–25).
Materials and Apparatus
The five target boxes were arranged in a horizontal array spanning 13
cm, with a distance of 20 mm between the individual target boxes (side to
side). The starting box was located 8 cm to the left of this array (see Figure
1). Otherwise, the materials and apparatus were the same as in Experi-
ment 1.
Design and Procedure
The design and procedure were the same as in Experiment 1.
Analysis
The Experiment 1 criterion for exclusion of trials resulted in the removal
of 4.3% of the trials (5.3% in the eyes-at-start condition and 3.3% in the
eyes-at-center condition).
Results
Analysis of All Targets
RT. There was a main effect of eye position, F(1, 15) 10.41,
p  .01, indicating, as in Experiment 1, shorter mean RTs in the
Figure 2. Mean movement time as a function of target position for trials with and without distractors in the
eyes-at-start (A) and eyes-at-center (B) conditions in Experiment 1. The circled numbers indicate the amount of
movement time interference.
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eyes-at-start condition than in the eyes-at-center condition (258 vs.
296 ms, respectively). Also, there was a main effect of target
position, F(4, 60)  3.85, p  .01, indicating that RT to the first
target was significantly longer than RT to the other four targets,
which did not differ significantly from each other (284, 276, 277,
275, and 275 ms for left to right targets, respectively).
MT. As in Experiment 1, movements in the eyes-at-center
condition tended to be executed faster than movements in the
eyes-at-start condition (450 ms vs. 470 ms), but, again, this effect
was not significant, F(1, 15)  1.73, p  .2. The main effect of
target position, F(4, 60) 136.84, p .001, indicated longer MTs
for longer distances (Ms  403, 433, 460, 487, and 515 ms for left
to right targets, respectively). The significant Target Position 
Eye Position interaction, F(4, 60)  3.76, p  .01, indicated that
the function relating MT to target location (i.e., target distance)
was somewhat steeper for the eyes-at-start condition than for the
eyes-at-center condition (see Figure 3).
The main effect of distractor presence, F(1, 15) 7.75, p .05,
indicated a small (5 ms) but significant amount of interference
(462 vs. 457 ms for trials with and without distractors, respec-
tively). This interference effect did not interact with eye position,
F(1, 15)  1.
Errors. The overall error rate was 10.9%. There was a main
effect of eye position, F(1, 15)  4.96, p  .05, with fewer errors
for the eyes-at-start position than for the eyes-at-center position
(9.6% and 12.1%, respectively). The fact that the eyes-at-start
condition also tended to produce slower movements than the
eyes-at-center condition suggests the possibility of a speed–
accuracy trade-off. Finally, the main effect of target location, F(4,
60)  8.41, p  .001, indicated an increasing number of errors for
targets located further away (Ms  8.0%, 9.6%, 9.4%, 11.5%, and
15.9%, respectively).
Near Versus Far Distractors
RT, MT, and errors. Only the ANOVA with MT as the de-
pendent variable yielded a significant main effect of distractor
location, F(1, 15)  6.27, p  .05, indicating interference for near
but not for far distractors (Ms 8 vs. 1 ms, respectively). All other
F values involving distractor location were nonsignificant (all
ps  .11), indicating that there was no effect of distractor location
on RT and error rate.
Movement endpoints. In the horizontal dimension, near dis-
tractors caused a substantial spatial diversion to the right (CE 
0.33 mm), whereas far distractors and trials without distractors
caused only minor spatial deviations (CEs  0.07 and 0.06 mm,
respectively), F(2, 30)  2.94, p  .09. This pattern of results
indicated that, relative to the neutral no-distractor condition, near
distractors tended to produce a modest spatial shift to the right
(0.27 mm), whereas far distractors caused no spatial bias. In the
vertical dimension, there were no differential biases, all conditions
showing an upward bias (mean CE  0.86 mm).
Discussion
Experiment 2 involved a larger target–distractor separation than
Experiment 1. Consistent with the predictions of the action-
centered view, results showed a proximity-to-hand effect (slower
responses for near than for far distractors, along with a spatial bias
away from near distractors only) that was independent of eye
position. This outcome deviates markedly from the results of
Experiment 1 (symmetric interference and a modulating effect of
eye position on the amount of interference) but is consistent with
results of previous studies of distractor interference (e.g., Tipper et
al., 1992). Taken together, the results of Experiments 1 and 2
provide evidence for a mediating role of target–distractor separa-
tion in distractor interference.
Figure 3. Mean movement time as a function of target position for trials with and without distractors in the
eyes-at-start (A) and eyes-at-center (B) conditions in Experiment 2. The circled numbers indicate the amount of
movement time interference.
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To substantiate this claim statistically, we performed two
between-experiments analyses using MT as the dependent vari-
able. In the first ANOVA, distractor presence (with vs. without
distractor), eye position (eyes at start vs. eyes at center), and target
location (Target 1, 2, 3, 4, or 5) were within-subject variables, and
target–distractor separation (5 vs. 20 mm) was a between-subjects
variable. This analysis revealed a Target–Distractor Separation 
Eye Position  Distractor Presence interaction, F(1, 30)  5.64,
p  .05, indicating that amount of distractor interference was a
joint function of target–distractor separation and eye position.
That is, with the small target–distractor separation there was more
interference in the eyes-at-start condition than in the eyes-at-center
condition, whereas with the large target–distractor separation dis-
tractor interference was independent of eye position.
In the second ANOVA, distractor location (near vs. far distrac-
tor), eye position (eyes at start vs. eyes at center), and target
location (Target 2, 3, or 4) were within-subject variables, and
target–distractor separation (5 vs. 20 mm) was a between-subjects
variable. This analysis revealed a Target–Distractor Separation 
Distractor Location interaction, F(1, 30)  7.67, p  .01, indicat-
ing symmetry and asymmetry of near and far distractors for small
and large target–distractor separations, respectively. This interac-
tion is depicted graphically in Figure 4A and Figure 4B.
The first between-experiments analysis also revealed another
important interaction: Target–Distractor Separation  Target Lo-
cation, F(4, 120)  57.88, p  .001. This interaction, graphically
depicted in Figure 5 (left), showed a different MT pattern across
target locations in Experiment 1 (small intertarget distance) than in
Experiment 2 (large intertarget distance). Specifically, MT exhib-
ited the usual linear relationship with movement distance for large
but not for small intertarget distances, the latter showing a small
decrease in MT for Target 5 relative to Target 4.2
Interestingly, and in contrast to our previous suggestion, this
unusual finding might not be due to a speed–accuracy trade-off
phenomenon, in that the larger error rate for Target 5 was also
found in the large intertarget distance condition (see right panel of
Figure 5). That is, in terms of error rates, there was no interaction
between intertarget distance and target location, F(4, 120)  1.28,
p  .23. From this result, it appears that the relatively short MTs
for Target 5 in Experiment 1 cannot be attributed to a trade-off
between speed and accuracy.
An alternative explanation focuses on the idea that the small
intertarget distances in Experiment 1 may have led to a perceptual
grouping or clustering of the individual targets. This idea is
prompted by evidence showing that preattentive organizational
factors, such as those embodied in Gestalt principles, strongly
mediate visual selection processes. That is, visual attention oper-
ates on structural units or perceptual groups derived from an early,
hierarchical segmentation of the visual field according to Gestalt
principles (e.g., Duncan, 1984; Logan, 1996; Yantis, 1992). This
perceptual grouping account may explain the present inverted-U
function, because outer elements in a group—the end positions—
appear to have an advantage in terms of response speed (e.g.,
Adam, 1994; Adam et al., 1998). Note that this account is consis-
tent with an environment-centered frame of reference highlighting
the relationship of objects to each other.
RT was shorter in the eyes-at-start condition than in the eyes-
at-center condition. This phenomenon was present both in Exper-
iment 2 and in Experiment 1 and therefore should not have
hampered the between-experiments comparison. It seems plausible
that this phenomenon was caused by the greater temporal predict-
ability of target onset in the eyes-at-start condition than in the
eyes-at-center condition. In the eyes-at-start condition the target
appeared as soon as the start box was touched, whereas in the
eyes-at-center condition an interval of 2 s elapsed between contact
with the start box and presentation of the target.
Finally, in Experiment 2 the distractors influenced MT only.
This finding does not necessarily contradict the visuomotor pro-
cessing hypothesis—which attributes distractor interference to an
early response selection stage—because the target always ap-
peared to the right of the start location. Thus, the initial movement
direction was constant throughout the experiment, allowing target
selection to occur after movement initiation.
Experiment 3: Manipulating Target–Distractor Separation
The results of the first two experiments indicated that, depend-
ing on the separation between target and distractor, interference
effects originate in an action- or environment-centered framework.
According to the visuomotor processing hypothesis, which as-
sumes an action-centered view, interference accrues in a very early
stage in the response selection process (Meegan & Tipper, 1998,
1999). This notion is supported by evidence indicating that when
the position of the target is known in advance, distractor interfer-
ence disappears (e.g., Jackson, Jackson, & Rosicky, 1995; Tipper,
2 Note that, on average, the movement amplitude (i.e., distance from
start position to target) was shorter in Experiment 2 than in Experiment 1.
To remove this potential confound, we conducted an additional analysis
that included only those targets that had the same distance to the start
location in both experiments (i.e., Targets 1, 3, and 5 in Experiment 1 and
Targets 3, 4, and 5 in Experiment 2). This analysis too yielded a highly
significant Target–Distractor Separation  Target Location interaction,
F(2, 60)  6.27, p  .01.
Figure 4. Mean movement time as a function of distractor condition and
eye position in Experiments 1 (A), 2 (B), and 3 (C). In Experiment 3, the
movement time values for the near and far distractor conditions were
averaged across all target–distractor distances. Exp. experiment; Near
near distractor; No  no distractor; Far  far distractor.
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Howard, & Jackson, 1997). According to the visuomotor process-
ing hypothesis, this occurs because advance information regarding
the position of the target allows selection of the motor represen-
tation of the target and inhibition of the motor representation of the
competing distractor before observable behavior begins. Note,
however, that this evidence was obtained in experiments involving
large target–distractor separations (i.e., 10 and 26 cm in the
Jackson et al., 1995, and Tipper et al., 1997, studies, respectively).
The goal of the present experiment was to determine whether—
and, if so, how—small target–distractor separations would influ-
ence movements to a fixed target location. According to the
visuomotor processing hypothesis, which assumes an action-
centered framework, no interference should be observed. In con-
trast, if small target–distractor separations evoke environment-
centered representations, substantial and symmetric interference
might be expected. This is because environment-centered repre-
sentations are assumed to play a role throughout the movement
production process, that is, not only during initial response plan-
ning and selection but also later, in the final stages, at which
homing-in processes guide the hand to the final target location.
Furthermore, gradually increasing target–distractor separation
should lead to progressively weaker effects, as it is well estab-
lished that interference effects decrease with increasing target–
distractor separation (e.g., Eriksen & Eriksen, 1974).
On the basis of these premises, we used only one target location
in Experiment 3 and systematically varied the distance between the
target and distractor. According to the environment-centered view,
near and far distractors should show similar amounts of interfer-
ence and, moreover, should show smaller interference effects for
larger distances between target and distractor. According to the
visuomotor processing hypothesis, which assumes an action-
centered view, there should be no interference.
Method
Participants
Eighteen new students (10 women and 8 men) from the same subject
pool as in Experiment 1 participated. Mean age was 23.1 years (range:
18–34).
Materials and Apparatus
The target was a green square (10 10 mm) that always appeared 12 cm
to the right of the start location (side to side). The distractor was a red
square (10  10 mm) that could appear either to the left (near) or to the
right (far) of the target at one of 10 possible target–distractor distances
(side to side): 2, 14, 26, 38, 50, 62, 74, 86, 98, or 110 mm. To constrain the
degree of variability in the data, we reduced the number of target–
distractor distances from 10 to 5. That is, we distinguished five new
target–distractor conditions by averaging the first two distances, the sec-
ond two distances, and so forth. This resulted in five target–distractor
conditions with mean distances of 8, 32, 56, 80, and 104 mm to the target.
Otherwise, the materials and apparatus were the same as in Experiment 1.
Design and Procedure
Participants performed in a single session lasting about 30 min. There
were 360 test trials preceded by 25 practice trials. Within the block of 360
test trials, there were 60 trials without distractors and 300 with distractors.
For each of the 10 possible distractor locations at both sides, there were 15
trials. Order of distractor trials and no-distractor trials was random. The
eyes-at-start procedure of Experiment 1 was used. Otherwise, the design
and procedure were the same as in Experiment 1.
Analysis
The Experiment 1 criterion resulted in the removal of 5.7% of the trials.
Figure 5. Mean movement time (A) and error percentage (B) as a function of target position and intertarget
distance.
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Results
Effect of Distractor Presence
Trials with distractors resulted in significantly longer MTs than
trials without distractors, F(1, 17)  16.89, p  .001 (Ms  450
vs. 438 ms, respectively). However, there was no effect of distrac-
tor presence on RT, F(1, 17)  1 (Ms  262 and 262 ms,
respectively), or error rate, F(1, 17)  1 (Ms  2.6% and 2.6%,
respectively).
Effect of Distractor Location
Movement time. We submitted mean interference scores (i.e.,
difference scores between the control no-distractor condition and
the various distractor conditions) to a 2  5 ANOVA with dis-
tractor location (near vs. far) and target–distractor distance (8, 32,
56, 80, or 104 mm) as within-subject variables. Only one signif-
icant effect materialized, namely the main effect of target–
distractor distance with MT interference as the dependent variable,
F(4, 68)  3.25, p  .05. This effect indicated that distractors
adjacent to the target interfered more than distractors further away
from the target, reflecting a gradient of interference around the
target (see Figure 6). The F tests involving distractor location were
nonsignificant ( ps  .61), indicating similar amounts of interfer-
ence for near and far distractors (see also Figure 4C).
Movement endpoints. We calculated mean interference scores
by subtracting the mean CE of the various distractor conditions
from the mean CE of the no-distractor trials. These interference
scores were submitted to a 2  5 ANOVA with distractor location
(near vs. far) and target–distractor distance (8, 32, 56, 80, or 104
mm) as within-subject variables. In the horizontal dimension, there
was a significant main effect of distractor location, F(1, 17) 
5.17, p  .05, indicating that, on average, near distractors caused
a bias to the right (0.23 mm) and far distractors caused a bias to the
left (0.33 mm). The significant interaction between distractor
location and target–distractor distance, F(4, 68)  7.05, p  .001,
followed up by simple effects tests, indicated that this spatial
repulsion effect materialized only for the smallest target–distractor
separation of 8 mm (see Figure 7). In the vertical dimension, there
were no differential biases, all conditions showing an upward bias
(mean CE  1.19 mm).
Discussion
Throughout the experiment, there was only one fixed target
location, and participants made 360 movements to this target with
or without distractors presented at varying distances in front of
(near) or behind (far) the target. The results showed a symmetric
pattern of distractor interference. There were similar amounts of
interference for distractors presented at equal distances from the
target but at unequal distances from the start position of the hand.
This outcome supports an environment-centered reference frame.
According to the visuomotor processing hypothesis, early move-
ment selection processes should have been minimal under the
present circumstances, and hence no interference effects were
expected. The fact that strong interference effects did show up is
incompatible with the visuomotor processing hypothesis.
Nevertheless, although statistically not reliable, there seemed to
be a hint in the data of a proximity-to-hand effect. That is,
distractors closest to the hand’s start position tended to show more
interference than distractors at the corresponding position behind
the target (see Figure 6). Similarly, near distractors close to the
target pushed the movement endpoints to the right (i.e., away from
the distractor), whereas near distractors close to the hand (start
location) appeared to push the movement endpoints to the left (i.e.,
toward the distractor; see Figure 7). These effects might be inter-
preted in terms of a proximity-to-hand effect suggesting the pos-
sibility that action-centered and environment-centered reference
frames may coexist, jointly shaping visuomotor behavior. This
possibility is in line with recent evidence suggesting that target
position is coded in terms of a weighted contribution of egocentric
and allocentric information (Gangitano et al., 1998; Gentilucci,
Chieffi, Daprati, Saetti, & Toni, 1996).
Figure 6. Mean movement time (MT) interference as a function of
target–distractor separation in Experiment 3. Negative and positive values
denote near and far distractors, respectively.
Figure 7. Mean constant error (CE) interference as a function of target–
distractor separation for near and far distractors in Experiment 3. Positive
abscissa values denote rightward displacements, whereas negative values
denote leftward displacements.
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Finally, the results showed that distractor interference was stron-
ger with close target–distractor spacing than with wide spacing.
This outcome is compatible with the well-established distance
effects in the flanker paradigm, showing the dependence of flanker
interference on target–flanker separation (e.g., Eriksen & Eriksen,
1974; Miller, 1991). Nevertheless, the relatively large target–
distractor distances of 32 and 56 mm produced amounts of (sym-
metric) interference that, although substantially reduced, were still
significant. This finding might seem remarkable in light of the
results of Experiments 1 and 2 showing a transition of
environment-centered to action-centered frameworks with an in-
crease in target–distractor separation from 5 to 20 mm. Perhaps
this outcome was related to the much smaller error rate in the
present experiment (2.6%) than in Experiments 1 and 2 (i.e., 8.0%
and 10.9%, respectively), suggesting the possibility of an extended
decelerative or homing-in phase—and thus more accurate move-
ments—in the present experiment relative to the first two
experiments.
General Discussion
In contrast to the rich and strong neurophysiological and behav-
ioral evidence for many different egocentric spatial coding systems
(including retina-, head-, trunk-, shoulder-, and hand-centered cod-
ing systems), the evidence for systems that code object location
with respect to the location of other objects is more limited
(Woodin & Allport, 1998). The present results provide evidence
for just this latter kind of environment-centered coding in a point-
ing task in which potential objects are close together (Experiment
1). In these circumstances, near and far distractors caused sym-
metric interference effects, that is, similar amounts of response
slowing and a spatial repulsion effect that pushed the movement
endpoints away from the distractor location rather than away from
the start position of the hand. In contrast, Experiment 2, which
involved larger separations between the relevant objects in the
display, showed an asymmetric pattern of interference effects,
replicating previous reports and suggesting the use of an action-
centered frame of reference (e.g., Tipper et al., 1992).3 In addition,
the inverted-U function relating MT to target position found with
the small intertarget distance in Experiment 1 deviated markedly
from the usual linear function found with the large intertarget
distance in Experiment 2. Taken together, these results establish a
double dissociation between reaching to a clustered group of
objects and reaching to more widely spaced objects and suggest a
functional separation between action- and environment-centered
spatial coding systems in selective reaching.
However, one might object to this view by claiming that the
present data can also be accommodated by a simpler, single-
framework account. For example, the symmetric interference ef-
fects with small distances might also be explained in terms of an
action-centered model assuming that the effects on movement time
were inversely proportional to the distance between the distractor
and the start location of the hand. Given this assumption, one
would expect an asymmetric effect for large distances between
target and distractor. This is because in the far condition (i.e., when
the distractor is located behind the target) the distractor is too far
from the start position of the hand to have an effect, whereas in the
near condition (i.e., when the distractor is located between the
starting position of the responding hand and the target) the dis-
tractor is still close to the start position of the hand. Conversely,
one would expect a symmetric effect for small distances, because
the distractor then has relatively similar distances to the start
position of the hand in the far and near conditions. Even though we
agree that the MT interference data might be interpreted in terms
of such a unified action-centered model, we believe that the spatial
repulsion data are at odds with it because they show unambigu-
ously that the landing points were biased away from the distractor
location and not away from the initial hand position. That is, the
spatial repulsion data showed a directional effect (and not merely
a range effect) that was tied to the position of the distractor rather
than to the (start) position of the responding effector. This out-
come, in our view, is incompatible with a unified, action-coding
account of the present results.
Spatial Repulsion Effect
Movement endpoints were biased away from the distractor’s
location. This spatial repulsion effect—first reported by Fischer
and Adam (2001)—adds to previous reports showing hand path
deviations caused by the presence of distractors (e.g., Howard &
Tipper, 1997). Interestingly, however, hand paths may veer either
away or toward distractors (e.g., Tipper et al., 1997; Welsh, Elliott,
& Weeks, 1999). Tipper and colleagues postulated a tentative
neurophysiological model to explain hand path deviations
(Howard & Tipper, 1997; Tipper, Howard, & Houghton, 2000;
Tipper et al., 1997). In essence, their model is based on the idea of
population coding in the human cortex (e.g., Georgopoulos, 1990),
and path interference effects are explained in terms of a selection
process from overlapping population codes—activated by the tar-
get and distractor—through inhibitory mechanisms. Because the
final endpoint of a movement is often closely related to its path, the
population coding model might also apply to the spatial repulsion
effect.
Eye Position
Experiments 1 and 2 involved two different eye position instruc-
tions: eyes at start and eyes at center. Because an eye tracking
apparatus was not available, the experimenter carefully monitored
throughout the experiment whether the participants followed the
eye movement instructions. It appeared that all participants easily
complied with these instructions. This was not surprising, because
we implemented two procedural factors that commanded in a
natural way the desired eye movement behavior. In the eyes-at-
start condition, the start box was so small (i.e., 1  1 cm) that eye
fixation was necessary to hit it (an error signal was generated if
participants failed to do so). In the eyes-at-center condition, after
the participant made contact with the start box, the center target
blinked three times during a period of 1,000 ms (followed by an
additional delay of 1,000 ms before the target stimulus appeared).
3 A note of caution concerns the validity of asymmetric interference as
evidence for an action-centered frame of reference in Experiment 2. Un-
ambiguous evidence would necessitate a manipulation of hand position
followed by the demonstration that the asymmetric interference profile is
tied to the position of the hand. Tipper et al. (1992) did find a pattern of
asymmetric distractor interference that depended on the position of the
hand, consistent with an action-centered framework.
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Because the blinking box created a series of sudden onsets—which
are known to automatically attract attention—it was natural for the
participants to move their eyes to the cued center box. And this is
what participants did, as checked by the experimenter and further-
more bolstered by the MT data, which showed different functions
relating MT to target position in the two eye position conditions,
suggesting a functional distinction between the eyes-at-start and
eyes-at-center conditions (see Figures 2 and 3).
Locus of Distractor Interference
According to the visuomotor processing hypothesis, which as-
sumes an action-centered view, distractor interference accrues
when objects are first perceived and reflects early motor selection
processes (Meegan & Tipper, 1998, 1999). Complementary to this
view, it is also possible that interference effects arise later in the
movement production process, that is, after the initial selection
processes have been completed and when visual-feedback-based
corrective processes are needed to guide the limb to the exact
target location.
This possibility is consistent with evidence showing that accu-
rate aiming movements typically have two components: a ballistic,
distance covering phase that brings the limb to the vicinity of the
target followed by a corrective (current-control or homing-in)
phase that ensures accurate movement termination on the target
through feedback-based corrective adjustments (e.g., Meyer,
Abrams, Kornblum, Wright, & Smith, 1988; Rosenbaum, 1991).
Thus, there may be at least two selection problems to solve when
one is reaching to a target that is closely flanked by a distractor: (a)
determining the general location of the target and distractor and (b)
distinguishing the specific location of the target relative to the
distractor. The first problem arises relatively early (i.e., during
response planning) and may benefit in particular from an action-
centered framework, because the critical task is to move the hand
over a relatively large distance to the target area. The second
problem arises later (i.e., during response execution) and may
benefit especially from an environment-centered framework, be-
cause the critical task is to terminate the movement accurately at a
specific object (i.e., hit the target and not the distractor). Of course,
this is not to say that environment-centered coding might not play
a role in the earlier stages concerned with response planning and
initial response selection. Future experimentation, examining
movement kinematics and trajectories, should examine this issue.
Conclusion
In selective reaching, distractors are potential targets and, as
such, can compete for control of action; this competition influ-
ences reaching movements to the actual target (e.g., Meegan &
Tipper, 1998). The present study suggests that distractor compe-
tition may take place in different spatial coordinate systems, with
distance between target and distractor being an important mediat-
ing variable. This conclusion accords with the hypothesis that the
brain represents spatial information in multiple reference frames,
with the reference frame dominating performance being dependent
on task demands.
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